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DESCRIPTION 

Magnetic Field Detector, and Current Detection Device, Position Detection 
Device and Rotation Detection Devices Using the Magnetic Field Detector 

Technical Field 

The present invention relates to a magnetic field detector for detecting the 
magnetic field by the giant magnetoresistance effect or the tunnel magnetoresistance 
effect, and a current detection device, a position detection device and a rotation 
detection device using the magnetic field detector. 
Background Art 

The magnetoresistance (MR) effect is a phenomenon in which the electrical 
resistance is changed by application of a magnetic field to a ferromagnetic material, and 
used for the magnetic field detector and the magnetic head. In recent years, an 
artificial lattice film such as Fe/Cr, Co/Cu has been come to be known as a giant 
magnetoresistance (GMR) effect material exhibiting a very large magnetoresistance 
effect. 

Also, what is called a spin valve film having a structure including a ferromagnetic 
layer, a nonmagnetic layer, a ferromagnetic layer and an antiferromagnetic layer is 
known, in which the nonmagnetic metal layer has such a thickness as to substantially 
eliminate the switched connection function between the ferromagnetic layers, and in 
which the magnetic moment of the ferromagnetic layer adjacent to the antiferromagnetic 
layer is fixed as what is called a fixed layer by the switched connection between the 
particular ferromagnetic layer and the antiferromagnetic layer while only the spin of the 
other ferromagnetic layer constitutes a free layer easily inverted by an external magnetic 
field. The antiferromagnetic material is formed of FeMn, IrMn, PtMn or the like. In 
this case, the switched connection between the two ferromagnetic layers is so weak that 
the spin can be inverted in a weak, small magnetic field. Thus, a highly sensitive 



magnetoresistive element can be provided and used as a high-density magnetic recording 
and read head. The spin valve film described above is used by supplying a current 
inward of the film surface. 

On the other hand, it is known that a still larger magnetoresistance effect can be 
5 produced utilizing the vertical magnetoresistance effect for supplying a current in the 
direction perpendicular to the film surface. 

Further, a tunneling magnetoresistance (TMR) effect due to the ferromagnetic 
tunnel coupling is known which utilizes the fact that the magnitude of the tunneling 
current in the direction perpendicular to the film surface is differentiated by arranging 
10 the spins of the two ferromagnetic layers in parallel or antiparallel to each other with an 
external magnetic field in a three-layer film of a ferromagnetic film, an insulating film 
and a ferromagnetic film. 

In recent years, the use of the GMR or TMR element as a magnetic field 
detector has also been studied. In this connection, the magnetoresistive element of 
15 pseudo spin valve type with a nonmagnetic metal layer sandwiched by two 

ferromagnetic layers of different coercive forces and the magnetoresistive element of 
spin valve type described above are studied. In an application as a magnetic detector, 
the resistance value is changed by changing the relative angles of these two 
ferromagnetic layers making up each element in response to an external magnetic field. 
20 This change in resistance value is detected by reading a voltage change signal while 

supplying a constant current. The reading process is executed using the GMR or TMR 
effect. 

The magnetoresistance change of the GMR element is smaller than that of the 
TMR element, and in order to obtain a large change rate, a stack structure of repetitive 
25 sets of a ferromagnetic layer and a nonmagnetic layer is required. Also, the GMR 

element, in which a current is supplied in the direction perpendicular to the film surface, 
is not required to be lengthened. Since the GMR element is smaller in resistance than 
the TMR element, however, the current amount is required to be increased to produce a 
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large output signal. As a result, the power consumption is increased. Further, in the 
GMR element in which the current is supplied in the direction inward of the film surface 
as described above, a sufficient current path is required in the element and therefore the 
length of the element is required to be increased in order to produce a large 
5 magnetoresistance effect. 

For the reason described above, the magnetic field detector desirably uses the 
TMR element which can produce a large output signal and can be provided in an 
arbitrary shape. 

Further, a technique has been proposed in which a single magnetoresistive 
10 element is not used for measurement, but a bridge circuit is formed using four 

magnetoresistive elements, and elements with the fixed layers having opposite directions 
of magnetization are combined to form a high-output magnetic field detector (see 
Japanese Patent No. 3017061). 
Patent Document 1: Japanese Patent No. 3017061 
15 Disclosure of the Invention 

Problems to be Solved by the Invention 

The use of the magnetoresistive element described above makes it possible to 
measure the external magnetic field based on the voltage change of the magnetoresistive 
element. Also, by use of the technique of the bridge circuit described above, a large 
20 output signal can be produced. 

The saturation magnetic field of the free layer, however, is dependent on the 
thickness and shape of the free layer, and therefore liable to be affected by the variations 
due to reproducibility in the fabrication process, resulting in variations from one detector 
to another. As described above, the TMR element is desirably used as a 
25 magnetoresistive element. In this case, however, the element resistance is sensitive to 
the thickness of the tunnel insulating layer, and therefore is liable to be affected by the 
variations due to the reproducibility in the fabrication process, resulting in the variation 
from one detector to another. In the case where the resistance change rate and the 



-3 - 



saturation magnetic field change, therefore, an error occurs of the magnetic field 
detected in accordance with the particular change amount. Further, the resistance 
change rate and the saturation magnetic field also change with the operating temperature. 
As a result, the sensitivity and resolution of the detector are changed. 
5 In the prior art, in order to calibrate them, the output signal and the saturation 

magnetic field for each detector are required to be measured by applying a magnetic 
field using a magnetic field generator. Also, in order to calibrate the change in the 
element characteristic with temperature, the measurement described above is required to 
be conducted for each temperature to calibrate the output signal. 

!0 I n the conventional magnetic field detector, however, the variations in detection 

sensitivity and resolution cannot be easily detected and calibrated, and to carry it out, a 
giant magnetic field generator is required to generate a known external magnetic field. 

Accordingly, it is an object of the present invention to provide a magnetic field 
detector and detection method and a physical amount measurement device using the 

15 detector and the detection method, in which the sensitivity and the resolution of the 
detector can be calibrated whenever required with a single detector. 
Means for Solving the Problems 

According to the present invention, there is provided a magnetic field detector 
including a reference magnetoresistive element and a magnetic field detecting 

20 magnetoresistive element, characterized in that the reference magnetoresistive element 
and the magnetic field detecting magnetoresistive element each have a stack structure 
including a fixed layer formed of an antiferromagnetic layer and a ferromagnetic material 
with the direction of magnetization thereof fixed by the antiferromagnetic layer on the 
one hand and a free layer formed of a nonmagnetic layer and a ferromagnetic material 

25 with the direction of magnetization thereof changed by an external magnetic field on the 
other hand, the reference magnetoresistive element is such that the direction of 
magnetization of the fixed layer is parallel or antiparallel to that of the free layer in the 
nonmagnetic field, and the magnetic field detecting magnetoresistive element is such that 
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the direction of magnetization of the fixed layer and the direction of magnetization of 
the free layer in the nonmagnetic field are different from each other. 
Effects of the Invention 

In the magnetic field detector described above, the resistance change rate can be 
5 calibrated at any time without using the magnetic field generator. Also, by referring to 
a magnetoresistive element having the magnetic field response in the nonmagnetic field 
while an external magnetic field is applied thereto, output signals can be compared 
within the same detector, so that even in the case where the element sensitivity changes, 
a stable output signal can be produced. 
10 Brief Description of the Drawings 

Fig. 1 is a diagram for describing the direction of magnetization of the free layer 
and the fixed layer of a magnetoresistive element. 

Fig. 2 is a diagram for describing the dependency of the element resistance of the 
magnetoresistive element on the external magnetic field. 
15 Fig. 3 is a plan view for describing the configuration of a magnetic field detector 

according to a first embodiment. 

Fig. 4 is a schematic diagram showing a sectional structure of a magnetoresistive 
element of a magnetic field detector according to the first embodiment. 

Fig. 5 is a diagram for describing the output signal of the magnetic field detector 
20 according to the first embodiment. 

Fig. 6 is a plan view for describing the configuration of a magnetic field detector 
according to a second embodiment. 

Fig. 7 is a plan view for describing the configuration of a magnetic field detector 
according to a third embodiment. 
25 Fig. 8 is a plan view for describing the configuration of a magnetic field detector 

according to a fourth embodiment. 

Fig. 9 is a plan view for describing the configuration of another magnetic field 
detector according to the fourth embodiment. 
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Fig. 10 is a plan view for describing the configuration of a magnetic field 
detector according to a fifth embodiment. 

Fig. 11 is a plan view for describing the configuration of another magnetic field 
detector according to the fifth embodiment. 
5 Fig. 12 is a perspective view for describing a current detection device according 

to a sixth embodiment. 

Fig. 13 is a perspective view for describing a position detection device according 
to a seventh embodiment. 

Fig. 14 is a side view for describing a rotation detection device according to an 
10 eighth embodiment. 

Fig. 15 is a diagram for describing the configuration of a magnetic field detector 
according to a ninth embodiment. 

Fig. 16 is a circuit diagram for describing an example of a differential amplifier 
circuit according to a ninth embodiment. 
15 Fig. 17 is a diagram for describing the configuration of a magnetic field detector 

according to a tenth embodiment. 

Fig. 18 is a diagram showing the output waveform according to a tenth 
embodiment. 

Fig. 19 is a diagram for describing the configuration of a magnetic field detector 
20 according to an eleventh embodiment. 

Fig. 20 is a circuit diagram for describing an example of a multiply-divide circuit. 

Fig. 21 is a diagram for describing the configuration of a magnetic field detector 
according to a twelfth embodiment. 

Fig. 22 is a diagram for describing the configuration of a magnetic field detector 
25 according to a thirteenth embodiment. 

Fig. 23 is a diagram for describing the dependency of the element resistance of 
the magnet oresistive element on an external magnetic field. 

Fig. 24 is a circuit diagram for describing an example of an adder circuit. 
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Description of the Reference Signs 

1,41 Detection element; 2, 12, 22, 32 Direction of magnetization of second 
ferromagnetic layer in nonmagnetic field; 2a, 32a Direction of magnetization of 
second ferromagnetic layer with magnetic field applied; 3, 13, 23, 33 Direction of 
5 magnetization of first ferromagnetic layer; 4, 7, 8, 14, 16, 24, 26, 34, 36, 44, 77, 88, 
1 10 Metal wires; 5 Magnetic shield; 6 Metal wire for application of magnetic 
field; 11,21,51 Reference element; 3 1 Saturation magnetic field detection 
element; 52 Magnetoresistive element; 61 Substrate; 62,67 Wiring layer; 
63 Antiferromagnetic layer; 64 First ferromagnetic layer; 65 Nonmagnetic 

10 layer; 66 Second ferromagnetic layer; 100 Object to be measured; 102 Wire; 
103,104 Magnet; 105 Gear; 106 Gear teeth; 109 Peripheral circuit around 
element; 110 Wire; 201 Resistance-voltage conversion circuit; 202 Add- 
subtract amplifier circuit; 203 Multiply-divide circuit; 204 Constant current 
source; 205 Add circuit; 206 Subtract circuit; 207 Differential amplifier circuit; 

15 208, 209 Constant voltage source; 210 Output regulation circuit; 211 

Calibration element; 221 Switch; 230, 231, 232, 233 Inverting amplifier circuit; 
240, 241, 242, 243, 245 OP amplifier; 250, 251, 252, 253, 255 Resistor; 260 
Transistor 

Best Modes for Carrying Out the Invention 

20 With reference to Fig. 1, a specific detect operation of a magnetic field detector 

using a spin valve-type magnetoresistive element is described first. 

Fig. 1 is a schematic diagram showing the direction of magnetization of the free 
layer and the fixed layer of a magnetoresistive element 52. In Fig. 1, the direction of 
magnetization 2 of the free layer of the spin valve-type magnetoresistive element forms 

25 an angle of 90° with the direction of magnetization 3 of the fixed layer. Upon 

application of a magnetic field in the direction along direction of magnetization 3 of the 
fixed layer of the spin valve-type magnetoresistive element, the direction of 
magnetization of the free layer is changed by an external magnetic field. In the process, 
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in accordance with the angle that the direction of magnetization 2a of the free layer thus 
changed forms with direction of magnetization 3 of the fixed layer, the resistance value 
of the magnetoresistive element changes linearly. 

Specifically, in the case where direction of magnetization 3 of the fixed layer is 
5 0° and the angle formed by direction of magnetization 2a of the free layer upon 

application of the external magnetic field H thereto is 0, the change in element resistance 
is inversely proportional to cosG. In the case where the free layer is a soft 
ferromagnetic layer having a uniaxial anisotropy, cosG = I H k | /H. Specifically, in the 
case where an external magnetic field larger than | H k | is applied, direction of 
10 magnetization 2a of the free layer is fixed in the direction parallel or antiparallel to the 

direction of magnetization of the fixed layer and the element resistance changes no more. 
In other words, H k is the saturation magnetic field of the free layer. 

As a result, in the case where direction of magnetization 2 of the free layer forms 
an angle of 90° with direction of magnetization 3 of the fixed layer as shown in Fig. 2, 
15 the element resistance R is given as 

R = R m + AR/2xH/|H k | (-|H k | <H< |hJ) 
where Rm is an intermediate value between the maximum resistance value and the 
minimum resistance value that the element resistance can assume and the element 
resistance in the nonmagnetic field. Also, AR is the magnetoresistance change of the 
20 element. This element resistance R is proportional to the external magnetic field, and 
therefore by acquiring the element resistance, the magnitude of the external magnetic 
field can be detected. Incidentally, the external magnetic field detected is a direction 
component of direction of magnetization 3 of the fixed layer. Also, the magnetic field 
area detectable in the direction of magnetization of the fixed layer, i.e. the operation area 
25 is given as - I H k | < H < | H k I . 

By the element resistance dependent on the external magnetic field described 
above, the magnetic field can be detected from the current or voltage in the element. 

With reference to the drawings, specific examples of embodiments of the present 
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invention are described below. 
Embodiment 1 

Fig. 3 is a plan view showing a magnetic field detector according to a first 
embodiment of the present invention. The shown magnetic field detector has one 
5 detecting magnetoresistive element 1 (hereinafter referred to as the detection element) 
and one reference magnetoresistive element 1 1 (hereinafter referred to as the reference 
element). The sectional structures of elements 1, 1 1 are shown in the schematic 
diagram of Fig. 4. In Fig. 4, a wiring layer 62 is formed on a substrate 61, and then an 
antiferromagnetic layer 63 is formed. Next, a first ferromagnetic layer 64 (fixed layer) 

10 of a ferromagnetic material with the direction of magnetization thereof fixed by 

antiferromagnetic layer 63 is formed. Further, a nonmagnetic layer 65 constituting an 
tunnel insulating layer is formed, above which a second ferromagnetic layer 66 (free 
layer) of a ferromagnetic material with the direction of magnetization changed by the 
external magnetic field is formed. Above second ferromagnetic layer 66, a wiring layer 

15 67 is formed. In this case, a configuration is shown in which antiferromagnetic layer 63, 
first ferromagnetic layer 64, nonmagnetic layer 65 and second ferromagnetic layer 66 are 
stacked sequentially. Nevertheless, the present invention is not limited to this 
configuration, but an element can be configured also by stacking second ferromagnetic 
layer 66, nonmagnetic layer 65, first ferromagnetic layer 64 and antiferromagnetic layer 

20 63 in that order. 

In Fig. 3, elements 1,11 both have a rectangular shape. Elements 1, 1 1 do not 
necessarily have the same aspect ratio, but have the same area to secure an equal 
element resistance. 

Due to the rectangular element shape, the directions of magnetization 2, 12 of 
25 second ferromagnetic layer 66 of each of elements 1, 1 1 are along the length of the 

elements due to the magnetic shape anisotropy. Direction of magnetization 3 of first 
ferromagnetic layer 64 of detection element 1, on the other hand, is orthogonal, in the 
element plane, to direction of magnetization 2 of second ferromagnetic layer 66 of 
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detection element 1 in the nonmagnetic field. Further, the direction of magnetization 
13 of first ferromagnetic layer 64 of reference element 1 1 is parallel to direction of 
magnetization 12 of second ferromagnetic layer 66 of reference element 1 1 in the 
nonmagnetic field. 

Also, directions of magnetization 3,13 of first ferromagnetic layers 64 of 
elements 1, 1 1 are identical to each other. 

Further, first ferromagnetic layers 64 and second ferromagnetic layers 66 of 
elements 1, 11 are formed and connected with signal detection wires 4, 44, 14, 16 as 
wiring layers 62, 67, respectively, which are connected to the detection circuit. 

First ferromagnetic layers 66 and second ferromagnetic layers 64 of elements 1, 
1 1 are formed of a ferromagnetic material. Materials having ferromagnetism include a 
metal containing Co, Ni, Fe as a main component such as Co, Fe, Co-Fe alloy, Co-Ni 
alloy, Co-Fe-Ni alloy, Fe-Ni alloy or an alloy such as Ni-Mn-Sb or Co 2 -Mn-Ge. 

Also, nonmagnetic layer 65 making up a tunnel insulating layer is formed of any 
insulating material or, for example, a metal oxide such as Ta 2 0 5 , Si0 2 or MgO or a 
fluoride. 

First ferromagnetic layers 64 of elements 1, 11 are fixed in the direction of 
magnetization by being stacked with antiferromagnetic layer 63 as described above. 
Specifically, antiferromagnetic layer 63 fixes the spin direction of first ferromagnetic 
layers 64, so that the directions of magnetization of first ferromagnetic layers 64 are held 
in directions 3,13, respectively. The materials making up the antiferromagnetic layer 
include Ir-Mn, Ni-Mn, Ni-O, Fe-Mn, Pt-Mn, etc. 

Each film described above is formed by, for example, DC magnetron sputtering. 
Also, it may alternatively be formed by the molecular beam epitaxy (MBE), various 
sputtering processes, chemical vapor deposition (CVD) process or vapor deposition. 

Elements 1, 1 1 are formed by, for example, photolithography. In this case, 
films making up second ferromagnetic layer 66, nonmagnetic layer 65 and first 
ferromagnetic layer 64 are formed, after which the desired pattern is formed by 
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photoresist. After that, the shape of the element can be acquired by ion milling or 
reactive ion etching. Also, the electron beam or the focused ion beam lithography may 
be used to form a pattern. 

Further, wires 4, 44, 14, 16 are formed of an Al layer, for example. 
5 Detection element 1 and reference element 1 1 are desirably formed on the same 

substrate at the same time using the same process. The simultaneous forming of these 
elements using the film-forming methods and the photolithography described above is 
accompanied by a very small variation and poses substantially no variation problem in 
the measurement of the magnetic resistance. 

10 Directions of magnetization 3, 13 of the first ferromagnetic layers of elements 1, 

1 1 are set by the method described below, for example. The magnetic field detector is 
heated to equal to or higher than the blocking temperature at which the apparent 
exchange interaction between the antiferromagnetic layer and the first ferromagnetic 
layer disappears, and the external magnetic field to generate the saturated magnetization 

15 of the first ferromagnetic layer is applied in the desired direction. Under this condition, 
the magnetic field detector is cooled at or below the blocking temperature thereby to 
acquire the desired direction of magnetization in the first ferromagnetic layer. 

According to this embodiment, directions of magnetization 3, 13 of the first 
ferromagnetic layers of detection element 1 and reference element 1 1 are parallel to each 

20 other, and therefore magnetic field is applied in the same direction at the time of heat 
treatment. By applying a uniform magnetic field in this way, the magnetic field 
detector according to this embodiment can be formed. 

In this case, the shape of elements 1, 1 1 is not necessarily a rectangle as long as 
the directions of magnetization of the second ferromagnetic layers can be defined as 

25 desired. 

Also, elements 1, 1 1 are each desirably a TMR element. This makes it possible 
to produce a large output signal and reduce the element size at the same time.. 

With reference to Figs. 3, 5, the detect operation of the magnetic field detector 
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according to this embodiment is described next. 

Elements 1,11 shown in Fig. 3 are supplied with a predetermined current I 
through wires 4, 44, 14, 16, respectively, at the time of magnetic field detection. In the 
case where an external magnetic field H is applied in the same direction as first 
ferromagnetic layers 3, 13, the element resistance R of detection element 1 in external 
magnetic field H is given by equation (1) and an output voltage V by equation (2). 

R = R,„ + AR/2xH/|H k | (1) 

V = Ix(R m + AR/2xH/|H k |) (2) 
where is the element resistance with the saturation magnetic field applied from an 
external source, AR the magnetoresistance change of measurement element 1, H k the 
strength of the saturation magnetic field, H the strength of the external magnetic field 
applied, I the strength of the current flowing in measurement element 1, and V the 
voltage applied to the measurement element. 

In reference element 1 1, on the other hand, directions of magnetization 12, 13 in 
the nonmagnetic field of the second and first ferromagnetic layers are the same as the 
direction of magnetization of external magnetic field H, and therefore, even in the case 
where external magnetic field H is applied, direction of magnetization 12 of the second 
ferromagnetic layer and direction of magnetization 13 of the first ferromagnetic layer of 
reference element 1 1 remain the same, and the element resistance of reference element 
1 1 assumes the same value as the saturation value of the resistance of detection element 
1 in the negative magnetic field. From this, an element resistance Ri and an output 
voltage Vi obtained in reference element 1 1 are given by equations (3), (4), respectively. 



The difference AVi between the output voltages of detection element 1 and 
reference element 1 1 is expressed by equation (5). 



Ri = R™ - AR/2 



(3) 
(4) 



Vi = I x (R™ - AR/2) 



AVi = Ix(l +H/|H k |)x AR/2 



(5) 



This equation is modified as 
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H = (2 x AVi/I x AR - 1) x H k (6) 
where the relation between V, Vi, AVi, external magnetic field H and saturated 
magnetic field H k is shown in Fig. 5. Also, AR/2 is the difference of the output signals 
in the nonmagnetic field between reference element 1 1 and detection element 1, and by 
determining the difference of the output signals in the nonmagnetic field, AR can be 
determined in real time at the time of measurement. Specifically, even in the case 
where AR changes due to the temperature change, etc. at the time of measurement, the 
accurate value of AR can be determined easily. Also, V, Vi, H k are known values, and 
therefore external magnetic field H can be determined using equation (6). 

The output signals described above can be obtained also by numerical operation 
after converting the output signals obtained from detection element 1 and reference 
element 1 1 into numerical signals, respectively. 

According to this embodiment, a predetermined current is supplied to each of 
elements 1,11. Nevertheless, these currents are not necessarily predetermined for each 
of elements 1,11. In such a case, as far as the ratio of magnitude between the currents 
supplied to elements 1, 1 1 is known, external magnetic field H can be determined using 
equations (3) to (6). 

Also, direction of magnetization 2 of the second ferromagnetic layer and 
direction of magnetization 3 of the first ferromagnetic layer of detection element 1, 
though orthogonal to each other in the element plane according to this embodiment, are 
not necessarily so orthogonal. Unless direction of magnetization 2 of the second 
ferromagnetic layer and the direction of magnetization 1 of the first ferromagnetic layer 
are parallel or antiparallel to each other, the element resistance is changed by external 
magnetic field H and therefore external magnetic field H can be detected. 

Also, according to this embodiment, direction of magnetization 13 of the first 
ferromagnetic layer of reference element 1 1 and direction of magnetization 12 of the 
second ferromagnetic layer of reference element 1 1 are parallel, and may alternatively be 
antiparallel to each other. In the case where they are antiparallel, the element 
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resistance of reference element 1 1 assumes the same value as the saturation value of the 
resistance of detection element 1 in the positive magnetic field. 

According to this embodiment, the differential detection of reference element 1 1 
and detection element 1 is used and therefore a large output signal is obtained. Also, 
5 the resistance change rate AR is obtained from the difference between the output signals 
of detection element 1 and reference element 1 1 in the nonmagnetic field. Even in the 
case where the element resistance is varied due to the reproducibility at the time of 
fabrication or the resistance value of the element is changed due to the temperature, 
therefore, a stable output signal can be obtained. 
10 Also, directions of magnetization 3, 13 of the first ferromagnetic layers of 

elements 1, 1 1 are identical to each other, and therefore the magnetic field detector 
according to this embodiment can be easily fabricated. 

Further, reference element 1 1 can include a magnetic shield 5 for shielding the 
external magnetic field. 

15 Magnetic shield 5 of reference element 1 1 is required to be formed of a material 

high in permeability such as a NiFe layer. Also, other alloys containing Co, Ni or Fe as 
a main component can be employed. 

The provision of magnetic shield 5 protects reference element 1 1 from the effect 
of external magnetic field. As a result, as long as direction of magnetization 12 of the 
20 second ferromagnetic layer and direction of magnetization 13 of the first ferromagnetic 
layer of the reference element are parallel or antiparallel to each other, the directions of 
magnetization can be set arbitrarily. 
Embodiment 2 

According to this embodiment, as shown in Fig. 6, a bridge circuit is formed by 
25 adding a set of elements having the same configuration to detection element 1 and 
reference element 1 1 of the first embodiment. The detection element 41 and the 
reference element 5 1 added have the same configuration as detection element 1 and 
reference element 11, respectively, and therefore are not described again. Also, the 
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directions of magnetization of the first and second ferromagnetic layers of detection 
elements 1 and 41 are the same. In this case, AVi can be obtained by supplying the 
current from wires 7 to 77 and measuring the potential difference between wires 8 and 

88. 

5 According to this embodiment, the elements are formed as a bridge circuit and 

therefore a larger output can be obtained. 
Embodiment 3 

Fig. 7 is a plan view showing a magnetic field detector according to a third 
embodiment of the present invention. The magnetic field detector according to this 

10 embodiment further includes a reference element 21 in the magnetic field detector 

according to the first embodiment. In this embodiment, the same component parts as 
those in the first embodiment are designated by the same reference numerals, 
respectively. Elements 1, 11,21 have a similar stack structure to the first embodiment. 
In this embodiment, elements 1, 1 1, 21 are all formed in a rectangle. Elements 1,11, 

15 21 have not necessarily the same aspect ratio but have the same area to equalize the 
element resistance. 

Of the directions of magnetization 3, 13, 23 of the first ferromagnetic layers of 
elements 1, 11, 21, direction of magnetization 3 and direction of magnetization 13 are 
parallel to each other, and direction of magnetization 13 and direction of magnetization 

20 23 are antiparallel to each other. Direction of magnetization 2 of the second 

ferromagnetic layer of detection element 1 in the nonmagnetic field is orthogonal to 
direction of magnetization 3 of the first ferromagnetic layer in the element plane. Also, 
the directions of magnetization 12, 22 of the second ferromagnetic layers of reference 
elements 1 1, 21 in the nonmagnetic field are parallel and antiparallel, respectively, to 

25 directions of magnetization 13, 23 of the respective first ferromagnetic layers. 

The second and first ferromagnetic layers of elements 1, 11,21 are connected to 
signal detection wires 4, 44, 14, 16, 24, 26 and further to the detection circuit. One of 
wires 4, 44 connected to detection element 1 is connected to the second ferromagnetic 
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layer of the element, and the other to the first ferromagnetic layer thereof Wires 14, 
16, 24, 26 of reference elements 1 1, 21 are also connected to similar positions. 

Elements 1, 11,21 are preferably TMR elements, whereby a large output signal 
can be output while at the same time reducing the element size. 

Directions of magnetization 3, 13, 23 of the first ferromagnetic layers of 
elements 1, 11,21 can be determined, like in the first embodiment, by heat treatment, for 
example. Though not shown, a wire is formed just above or just below the element, 
and a current is supplied in the desired direction to generate the saturated magnetization 
of the first ferromagnetic layer are not lower than the blocking temperature at which the 
magnetic interaction between the antiferromagnetic layer and the first ferromagnetic 
layer disappears. Under this condition, the temperature is reduced at or below the 
blocking temperature so that the desired direction of magnetization is obtained in the 
first ferromagnetic layer. This magnetic field is not limited to the magnetic field 
generated by supplying the current to a wire, but a magnetic field applied locally. 

With regard to directions of magnetization 3, 13, 23 of the first ferromagnetic 
layer described above, directions of magnetization 3,13 can be determined by local heat 
treatment of elements 1,11 with an external magnetic field applied thereto, for example, 
after which direction of magnetization 23 can be determined by local heat treatment of 
element 21 with a magnetic direction applied in reverse direction. 

With reference to Fig. 7, the operation of the magnetic field detector according 
to this embodiment is described next. 

Elements 1, 11,21 shown in Fig. 7 are each supplied with a predetermined 
current I through wires 4, 14, 24 at the time of detection of a magnetic field. In the 
process, the element resistance of detection element 1 in the external magnetic field H 
can be determined from equation (1) and the output voltage from equation (2). In this 
case, reference element 1 1 is such that direction of magnetization 12 of the second 
ferromagnetic layer and direction of magnetization 13 of the first ferromagnetic layer are 
parallel to each other, while reference element 2 1 is such that direction of magnetization 
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22 of the second ferromagnetic layer and direction of magnetization 23 of the first 
ferromagnetic layer are antiparallel to each other. As a result, reference elements 1 1, 
21 assume the same value as the saturation value of the resistance of detection element 1 
in the positive and negative magnetic fields. The output voltages Vi, V 2 obtained in 
5 reference elements 11,21 are expressed by equations (5), (6), respectively. 

Vi = I x (Rm - AR/2) (7) 
V 2 = Ix(R m + AR/2) (8) 
As a result, the difference AVi between the output voltages obtained in detection 
element 1 and reference element 1 1 is given below. 
10 AVi = I x (1 + H/ 1 H k | ) x AR/2 (9) 

In similar fashion, the difference AV 2 between the output voltages obtained in detection 
element 1 and reference element 2 1 is given as 

AV 2 = Ix (1 -H/|Hj) x AR/2 (10) 
Further, the difference between AVi and AV 2 is given as 
15 AVi - AV 2 = I x AR x H/ 1 Hk I 

In this equation, AR can be determined each time from the difference of the 
output signals between the two reference elements 11,21. This is by reason of the fact 
that the saturation magnetic field of the elements according to this embodiment is a 
predetermined known value, and the resistance change rate can be obtained by 
20 determining the magnetic resistance in the saturation magnetic field. Even in the case 
where the resistance change rate changes under the effect of a resistance value change 
due to the temperature or resistance value variations between the elements, therefore, 
the resistance change rate can be determined from the outputs of reference elements 1 1, 
21 each time of measurement. Thus, the external magnetic field can be detected 
25 accurately using the resistance change rate in the environment of actual operation. 

The output signals described above can be obtained also by the numerical 
operation after the output signals obtained from detection element 1 and reference 
elements 11,21 are converted into numerical signals. 
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According to this embodiment, elements 1, 1 1, 21 are each supplied with a 
predetermined current. This current, however, is not necessarily predetermined for 
each of elements 1,11,21. In such a case, as long as the ratio of magnitude between 
the currents supplied to elements 1, 1 1, 21 is known, the external magnetic field H can 
5 be determined using the equations described above. 

According to this embodiment, the differential detection between the two 
reference elements 11,21 and detection element 1 is used, and therefore a large output 
signal can be obtained. 

Further, according to this embodiment, the resistance change rate AR is obtained 
0 from the output signals of reference elements 1 1, 21, and therefore a stable output signal 
can be obtained even in the case where the element resistance is varied due to the 
reproducibility at the time of element fabrication or the resistance value of the element 
changes due to the temperature. 

Also, since both the maximum and minimum values of the output signal of 
5 detection element 1 are obtained, a still higher reliability and accuracy are achieved. 

Also, reference elements 11,21 may include a magnetic shield 5 for shielding the 
external magnetic field. 

Magnetic shield 5 is formed of a material similar to the one employed in the first 
embodiment. 

0 The provision of magnetic shield 5 protects reference elements 11,21 from the 

effects of the external magnetic field. As long as direction of magnetization 12 of the 
second ferromagnetic layer is parallel to the direction of magnetization 13 of the first 
ferromagnetic layer of reference element 1 1 and direction of magnetization 22 of the 
second ferromagnetic layer is antiparallel to direction of magnetization 23 of the first 

5 ferromagnetic layer of reference element 21, therefore, directions of magnetization 12, 

13 of the second ferromagnetic layers of reference elements 11,21 may be set arbitrarily. 

Also, AVi, AV 2 can be detected by configuring a bridge circuit using detection 
element 1 and reference elements 1 1, 21 in a similar manner to the second embodiment. 
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Embodiment 4 

Fig. 8 is a plan view showing the magnetic field detector according to a fourth 
embodiment of the present invention. The magnetic field detector shown in this 
embodiment, in addition to the configuration of Fig. 3 and the first embodiment, 
includes a wire 6 for applying a magnetic field to detection element 1. This wire 6 is 
arranged in parallel to direction of magnetization 2 of the second ferromagnetic layer, 
for example, just above detection element 1 . Here, the same component elements as 
those in Fig. 3 are designated by the same reference numerals, respectively, and not 
described again. 

In this case, a predetermined current is supplied to wire 6 arranged just above 
detection element 1 in the nonmagnetic field in advance. As a result, a known 
magnetic field can be applied to detection element 1. In the process, the direction of 
magnetization of the second ferromagnetic layer of detection element 1 is rotated in 
accordance with the magnetic field applied in direction of magnetization 2a by the 
applied magnetic field. 

In the case where a magnetic field H 5 is applied by the current flowing in wire 6 
and a predetermined current I is supplied to detection element 1, an output voltage V 3 of 
detection element 1 is given as 

V 3 = Ix(R m + AR/2xHV|H k |) (11) 

In similar fashion, the output voltage with a predetermined current I supplied to 
reference element 1 1 can be determined from equation (4), and therefore the difference 
between the output voltages is given as 

V 3 - Vi = I x (1 + H7 | Hk | ) x AR/2 (12) 
where H' and I are known values, and therefore, as long as H k is known, AR can be 
accurately determined using equation (12). Also, in the case where H k is not known, 
H k can be determined from equation (12) using the known values I and H' by 
determining AR from the difference between the output signals of detection element 1 
and reference element 1 1 in the nonmagnetic field according to the method described in 
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the first embodiment. Under the condition lacking the external magnetic field, the 
saturation magnetic field can be detected even in the case where there is only one point 
of wiring current magnetic field H\ 

The saturation magnetic field described above is not necessarily detected in the 
5 nonmagnetic field, but can be detected by applying the wiring current magnetic fields - 
H' or +H\ for example, at two different points as far as an external magnetic field, if 
applied, remains unchanged. This detection can be carried out as required, such as 
before or during the measurement of the external magnetic field when temperature 
changes. 

10 Using the saturation magnetic field determined by the method described above, 

the external magnetic field is detected by the same method as in the first embodiment. 
In this case, the saturation magnetic field can be detected also by configuring a 

bridge circuit using detection element 1 and reference element 1 1 by the same method as 

in Fig. 6 and the second embodiment. 
15 The output signal described above can be obtained also by numerical operation 

after converting the output signals obtained from detection element 1 and reference 

element 1 1 into numerical signals, respectively. 

According to this embodiment, a configuration in which an external magnetic 

field can be arbitrarily applied to detection element 1 makes it possible to detect the 
20 saturation magnetic field without the external magnetic field. As a result, the 

saturation magnetic field can be detected at any time as required only by the detector. 

Thus, the resolution of the detector can be calibrated as required without using an 

external magnetic field generator. 

Further, as shown in Fig. 9, in addition to the configuration of Fig. 7, wire 6 for 
25 applying the magnetic field to the detection element 1 can be arranged. In Fig. 9, the 

same component elements as those in Fig. 7 are designated by the same reference 

numerals, respectively, and not described again. By doing the above, the saturation 

magnetic field of the second ferromagnetic layer of detection element 1 can be detected 
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without any external magnetic field also in the configuration of Fig. 7. 

Also, in Figs. 8, 9, reference elements 11,21 may include a magnetic shield 5 for 
shielding the external magnetic field. 

The provision of magnetic shield 5 can set the second ferromagnetic layer of 
reference elements 1 1, 21 in any arbitrary direction of magnetization. 

Embodiment 5 

Fig. 10 is a plan view showing a magnetic field detector according to a fifth 
embodiment of the present invention. The magnetic field detector shown here includes, 
in addition to a similar configuration to the detector shown in Fig. 3 and the first 
embodiment, a magnetoresistive element for detecting the saturation magnetic field 
(hereinafter referred to as the saturation magnetic field detection element) 3 1 exhibiting 
the same magnetoresistance effect characteristic as detection element 1 against the 
external magnetic field. In this case, detection element 1 and saturation magnetic field 
detection element 3 1 are configured to have the same shape. 

Incidentally, saturation magnetic field detection element 3 1 and detection 
element 1 are not specifically limited in the arrangement thereof as far as they have the 
same magnetoresistance effect characteristic. The same component elements as those 
in Fig. 3 are designated by the same reference numerals, respectively, and not described 
again. 

Also, wire 6 for applying a magnetic field is arranged just above saturation 
magnetic field detection element 3 1 . This wire 6 is arranged, for example, in parallel to 
direction of magnetization 2 of the second ferromagnetic layer just above detection 
element 1. 

Also, detection element 1, reference element 11 and saturation magnetic field 
detection element 3 1 are preferably formed at the same time on the same substrate by 
the same process. This simultaneous process is accompanied by a very small variation 
according to the film-forming method and the photolithography described above, and 
poses substantially no problem of variations in the measurement of magnetic resistance. 
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Next, the detect operation of the magnetic field detector according to this 
embodiment is described. 

The operation of magnetic field detection is similar to the detect operation in the 
first embodiment. 

5 Further, the saturation magnetic field of the second ferromagnetic layer of 

saturation magnetic field detection element 3 1 can be detected by a method similar to 
the fourth embodiment. Detection element 1 and saturation magnetic field detection 
element 3 1 have the same magnetoresistance effect characteristic, and therefore, the 
saturation magnetic field of detection element 1 can be obtained by determining the 
10 saturation magnetic field of saturation magnetic field detection element 3 1 . 

According to this embodiment, detection element 1 and saturation magnetic field 
detection element 3 1 for obtaining the saturation magnetic field of the second 
ferromagnetic layer are independent of each other. Therefore, the saturation magnetic 
field can be determined at any time during the detection of the external magnetic field. 
15 Thus, the calibration of the resolution during the measurement is made possible and the 
external magnetic field can be measured with a higher accuracy. 

Also, the calibration of the resolution of the magnetic field detector can be 
carried out without interrupting the measurement of the external magnetic field. 

As shown in Fig. 1 1, saturation magnetic field detection element 3 1 can be 
20 provided in addition to the configuration of Fig. 7. In Fig. 1 1, the same component 

parts as those in Fig. 7 are designated by the same reference numerals, respectively, and 
not described any further. By doing the above, the saturation magnetic field of the 
second ferromagnetic layer of detection element 1 can be detected without the external 
magnetic field during the measurement of the external magnetic field even with the 
25 configuration shown in Fig. 7. 

Also, in Figs. 10, 11, reference elements 11,21 may include magnetic shield 5 
for shielding the external magnetic field. 

The provision of magnetic shield 5 can set the second ferromagnetic layer of 
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reference elements 1 1, 21 in an arbitrary direction of magnetization. 
Embodiment 6 

Fig. 12 is a perspective view showing a current detection device according to 
this embodiment. The current detection device shown in this diagram uses the 
5 magnetic field detector shown in Fig. 3 and the first embodiment, for example, and is 

arranged at a predetermined distance from wire 102 in which the current to be measured 
flows. Although only detection element 1 is shown in this diagram, the current 
detection device includes all the components shown in the first embodiment such as a 
peripheral circuit 109 for output detection and signal processing. Also, it includes 
10 wires 1 10 for supplying power and outputting a signal to the external devices. 

Detection element 1 in the current detection device is arranged at such a position 
that the direction of the external magnetic field generated from wire 102 in which the 
current to be measured flows coincides with the direction of detection. Specifically, 
the direction of magnetization of the first ferromagnetic layer of detection element 1 
15 coincides with the direction of the external magnetic field. 

Next, the current detect operation of the current detection device according to 
this embodiment is described. 

When the current i to be measured flows in wire 102, the current acts to 
generate an annular magnetic field in the direction perpendicular to the wire. The 
20 magnitude of this magnetic field H is expressed as H = k x i/R, where k is a 

proportionality constant and R the distance from the wire. In this case, once the 
distance between the wire and detection element 1 in the current detection device is 
measured, the proportionality constant k is known. By measuring the magnetic field H 
by the magnetic field detector shown in the fourth embodiment, therefore, the wire 
25 current i can be detected. In the process, the power for actuating the current detection 
device is supplied through wires 1 10, and the detection signal is output to the external 
devices such as a display unit through peripheral circuit 109 and wires 110. 

Also, the magnetic field detector according to other embodiments can of course 
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be used as a current detector. 

According to this embodiment, the use of the magnetic field detector shown in 
the present invention makes it possible to produce a stable output signal and calibrate 
the resolution of the detector even in the case where the temperature changes or the 
5 characteristics are varied from one detector to another during current detection, and 
therefore the current can be detected with high accuracy. 
Embodiment 7 

Fig. 13 is a perspective view showing a position detector according to this 
embodiment. The position detection device shown in this diagram uses, for example, 

10 the magnetic field detector shown in Fig. 3 and the first embodiment, and an object to be 
measured 100 periodically includes magnets 103. Incidentally, the part where object to 
be measured 100 includes magnets 103 is partially shown in this diagram. Adjacent 
ones of the magnets, for example, have opposite polarities. Although only detection 
element 1 is shown in this case, the position detector includes all the components shown 

15 in Fig. 3 and the first embodiment, and like the sixth embodiment, includes a peripheral 
circuit 109 for output detection and signal processing. Also, it includes wires 1 10 for 
supplying power and outputting a signal to external devices. 

Next, the position detect operation of the position detection device according to 
this embodiment is described. 

20 With the movement of the object to be measured, the magnetic fluxes from 

magnets 103 included therein change the magnetic field of the position detector. Due 
to the periodical arrangement of magnets 103 in the object to be measured, the magnets 
that have passed through the position detector can be counted by detecting the change in 
magnetic field of the detector with the movement. Like in the sixth embodiment, the 

25 power for the operation of the current detection device is supplied through wires 1 10, 
and the detection signal is output to the external devices through peripheral circuit 109 
and wires 110. As a result, the distance covered by the object to be measured can be 
measured. The movement is not necessarily linear, and the amount of rotation of a 
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rotary member can also be detected, for example. 

Also, the magnetic field detector according to other embodiments can of course 
be used as a position detector. 

The position detector according to the present invention is not limited to the 
5 configuration described above, but can have any configuration that can detect the 
change in magnetic fluxes from the object to be measured. 

In this embodiment, the use of the magnetic field detector according to the 
present invention makes it possible to produce a stable output signal and calibrate the 
resolution of the detector even in the case where the temperature changes or the 
10 characteristics are varied from one detector to another during the position detection, 
thereby permitting the position detection with high accuracy. 

Embodiment 8 

Fig. 14 is a side view showing a rotation detector according to this embodiment. 
The rotation detector shown in this diagram includes the magnetic detector shown in Fig. 
15 3 and the first embodiment and a permanent magnet 104 magnetized the direction 

toward the object to be measured. The object to be measured is a gear 105 of a soft 
ferromagnetic material having a large permeability. Although only detection element 1 
is shown, the rotation detector includes all the components shown in Fig. 3 and the first 
embodiment, and like the sixth embodiment, includes a peripheral circuit 109 for output 
20 detection and signal processing. Also, it includes a wire 1 10 for supplying power and 
outputting a signal to external devices. 

Detection element 1 is arranged in such a direction as to be capable of detecting 
the external magnetic field generated by permanent magnet 104 and gear 105. The 
direction of magnetization of the first ferromagnetic layer of detection element 1, for 
25 example, is toward the center of gear 105. 

Next, the rotation detect operation of the rotation detector according to this 
embodiment is described. 

This rotation detector includes permanent magnet 104 magnetized in the 
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direction toward the object to be measured, and therefore the teeth 106 of gear 105 
constituting the object to be measured are magnetized by the magnetic fluxes from 
magnet 104. In the case where gear 105 is rotated by teeth 106 thus magnetized, the 
magnetic field in magnetic field detector 101 changes. By detecting the change in 
5 magnetic field due to the rotation of teeth 106, the number of the teeth passed through 
magnetic field detector 101 can be counted. As a result, the rotation amount of the 
object to be measured can be measured. As in the sixth embodiment, the power for 
operating the current detection device is supplied through wire 1 10, and the detection 
signal is output to external devices through peripheral circuit 109 and wire 110. Not 

10 only the rotary motion but also the distance covered by an object adapted to linearly 
move can be detected. 

The rotation detector according to the present invention is not limited to this 
configuration, but may have any configuration in which the change in magnetic fluxes 
from the object to be measured can be detected. 

15 According to this embodiment, a highly accurate position detection is possible 

without arranging any magnet for detecting the magnetic field in the object to be 
measured. Also, the existing rotary member can be utilized as far as it is in the shape 
of a gear of a soft ferromagnetic material having a large permeability. 
Embodiment 9 

20 Fig. 15 illustrates a specific example of a circuit configuration of the magnetic 

field detector shown in Fig. 3 of the first embodiment, and a circuit block diagram 
showing a magnetic field detector according to a ninth embodiment of the present 
invention. With reference to Fig. 15, the configuration of this embodiment is described. 
The magnetic field detector shown in this diagram is an example of a circuit 

25 configuration including the magnetic field detector according to the first embodiment, 
and has one detection element 1 and one reference element 1 1 . The structure and the 
fabrication method of elements 1,11 included in the circuit are similar to those of the 
first embodiment. 



-26- 



The magnetic field detector according to this embodiment is configured of a 
resistance- voltage conversion circuit 201 and an add-subtract amplifier circuit 202. 

Resistance- voltage conversion circuit 201 has constant current circuits 204 
connected to elements 1,11, respectively. Also, add-subtract amplifier circuit 202 
includes a differential amplifier circuit 207 for differentially amplifying the output 
voltages produced from detection element 1 and reference element 1 1, and outputs a 
voltage based on the difference between the output voltages produced from detection 
element 1 and reference element 11. Differential amplifier circuit 207 is configured, for 
example, as a circuit including OP amplifiers 245 and resistors 245 as shown in Fig. 16. 
In this case, the same reference numerals in the diagram designate similar OP amplifiers 
and resistors. 

With reference to Fig. 15, the detect operation of the magnetic field detection 
circuit according to this embodiment is described next. 

In resistance- voltage conversion circuit 201, constant current circuit 204 is 
connected to each of elements 1, 1 1, in which a predetermined current I flows at the 
time of detection of a magnetic field. An output voltage from detection element 1 in an 
external magnetic field H is given by equation (2). In reference element 11, direction 
of magnetization 12 of the second ferromagnetic layer is parallel to direction of 
magnetization 13 of the first ferromagnetic layer, and the resistance value thereof is 
equal to the saturation value in the negative magnetic field of the resistance of the 
detection element. The output voltages V, Vi produced by detection element 1 and 
reference element 1 1 are expressed by equations (2), (4), respectively. 



Add-subtract amplifier circuit 202 differentially amplifies the output voltages 
produced from detection element 1 and reference element 1 1 . Assuming that the 
amplification factor of add-subtract amplifier circuit 202 is a, the output voltage V ou t is 
given as follows from equation (5) and the amplification factor a. 



V = 1 x (Rn, + AR/2 x H/ 1 H k | ) 
Vi = 1 x (Rm - AR/2) 



(2) 
(4) 
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V out = a x I x (1 +H/|H k |) x AR/2 (13) 
where a, I and | H k | are set values and known, and AR can be obtained from the 
difference between the output signals of detection element 1 and reference element 1 1 in 
the nonmagnetic field. Therefore, correspondence can be obtained between output 
5 voltage V out and H. For example, V oul for the external magnetic field of 0 assumes the 
following value. 

V out = a x I x AR/2 (14) 
where assuming that a is set as 2/(1 x AR) so that the output voltage V ou t is 1 V, the 
relation holds that V out = (1 + H/ | H k | ). Therefore, a circuit can be configured in which 
10 V out = 0 V for H = - | H k | and V ou t = 2 V for H = | H k | . 

This embodiment includes the resistance-voltage conversion circuit for 
converting the resistance of the reference magnetoresistive element and the resistance of 
the magnetic field detecting magnetoresistive element into voltages, and the add-subtract 
amplifier circuit for amplifying the difference between the voltages converted from the 
15 resistance of the reference magnetoresistive element and the resistance of the magnetic 
field detecting magnetoresistive element. 

As a result, the differential detection is possible using the outputs of reference 
element 1 1 and detection element 1, and therefore a large output signal can be obtained. 
Also, the resistance change rate AR is obtained from the difference between the output 
20 signals of detection element 1 and reference element 1 1 in the nonmagnetic field. Even 
in the case where the element resistance is varied due to the reproducibility at the time 
of fabrication or the resistance value of the elements changes due to temperature, 
therefore, a stable output signal can be obtained. 

Also, by appropriately setting the amplification factor a, the desired output 
25 voltage can be obtained. 

Further, as described in the first embodiment, reference element 1 1 can include a 
magnetic shield 5 for shielding the external magnetic field. 

Magnetic shield 5 of reference element 1 1 is required to be composed of any 
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material high in permeability such as a NiFe layer. Also, other alloys containing Co, Ni, 
Fe as a main component can be employed. 

The provision of magnetic shield 5 keeps reference element 1 1 out of the effect 
of the external magnetic field. Therefore, direction of magnetization 12 of the second 
5 ferromagnetic layer and direction of magnetization 13 of the first ferromagnetic layer of 
the reference element can be set arbitrarily as far as they are parallel or antiparallel to 
each other. 

Further, the provision of a resistance-voltage conversion circuit and an add- 
subtract amplifier circuit can configure a magnetic field detector operated with a very 
10 simple circuit configuration. 

Also, a configuration in which the resistance-voltage conversion circuit, the add- 
subtract amplifier circuit and the multiply-divide circuit are formed of a magnetoresistive 
element, a bipolar transistor and a resistor arranged on the same substrate makes it 
possible to suppress the effect of external noises and the temperature change of the 
15 transistor and the resistor included in the add-subtract amplifier circuit. The resistor is 
preferably configured using a material such as a metal oxide film small in resistivity 
change with temperature. 

Embodiment 10 

Fig. 17 is a circuit block diagram showing a magnetic field detection circuit 
20 according to a tenth embodiment of the present invention. The magnetic field 

detection circuit shown in this diagram is equivalent to the magnetic field detection 
circuit according to the ninth embodiment including a wire 6 for applying a magnetic 
field to detection element 1 and a circuit for applying a magnetic field. Except for wire 
6 for applying a magnetic field to detection element 1 and the circuit for applying a 
25 magnetic field, this embodiment is similar to the ninth embodiment and therefore not 
described. 

In the magnetic field detection circuit shown in Fig. 17, wire 6 for applying a 
current magnetic field to detection element 1 includes a constant current source 220 and 
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a switch 221. Switch 221 is a semiconductor switch, for example, adapted to be 
switched in synchronism with the input signal from outside the magnetic field detection 
circuit. 

Next, the detect operation of the magnetic field detection circuit according to 
5 this embodiment is described. First, in the case where an external magnetic field H is 
applied with switch 221 off, assuming that the amplification factor of add-subtract 
circuit 207 is a, the output voltage V ou t is described by equation (15) with reference to 
equation (9). 

V 0Ut (H) = axIx(l +H/|Hj) x AR/2 (15) 
10 Next, when switch 221 turns on, a current magnetic field H is generated by the 

current flowing in constant current circuit 220, and therefore the output voltage V ou t is 
described as 

V 0Ut (H + H') = ctxIx(l+( H+H')/ 1 Hk | ) x AR/2 (16) 
V 0 ut(H + H') - V out (H) = a x I x AR/2 x HV | H k | (17) 
15 where a, I and H' are known and therefore the difference between the output signals is a 
function of H k and AR. 

In the case where H k is known, for example, AR can be determined from the 
difference in output signal. Also, by determining AR from the value associated with the 
zero external magnetic field, H k can be determined. Also, in the case where a = 2/(1 x 
20 AR), equations 

V out (H)=l+H/|H k | (18) 
V out (H + H') = 1 + (H + H')/ 1 H k | (19) 
can be obtained. An example of the output waveform is shown in Fig. 18. In this 
manner, HV | H k | and I H k | can be determined from the difference in V ou t output. 
25 According to this embodiment, a configuration in which an external magnetic 

field can be arbitrarily applied to the detection element makes it possible to detect the 
saturation magnetic field without any external magnetic field. As a result, the 
saturation magnetic field can be detected at any time only by the detector as required. 
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As a result, the resolution of the detector can be calibrated without using an external 
magnetic field generator and whenever required. 

Also, according to this embodiment, the use of the differential detection between 
reference element 1 1 and detection element 1 can produce a large output signal. Also, 
since the resistance change AR is obtained from the difference in output signal between 
detection element 1 and reference element 11 in the nonmagnetic field, a stable output 
signal can be obtained even in the case where the element resistance is varied due to the 
reproducibility at the time of fabrication or the resistance value of the element is 
changed due to temperature. 

Also, the first ferromagnetic layers of elements 1,11 have same directions of 
magnetization 3, 13, and therefore the magnetic field detector according to this 
embodiment can be easily fabricated. 

Further, reference element 1 1 can include a magnetic shield 5 for shielding the 
external magnetic field. 

Magnetic shield 5 of reference element 1 1 is required to be formed of a material 
of high permeability such as a NiFe layer. Also, other alloys containing Co, Ni, Fe as a 
main component can be employed. 

The provision of magnetic shield 5 keeps reference element 1 1 out of the effect 
from the external magnetic field. Direction of magnetization 12 of the second 
ferromagnetic layer of the reference element and direction of magnetization 13 of the 
first ferromagnetic layer can be determined arbitrarily as far as they are parallel or 
antiparallel to each other. 

Further, the provision of the resistance-voltage conversion circuit and the add- 
subtract amplifier circuit can make up a magnetic field detector operated with a very 
simple configuration. 

Also, the resistance-voltage conversion circuit, the add-subtract amplifier circuit 
and the multiply-divide circuit are configured using a magnetoresistive element, a bipolar 
transistor and a resistor arranged on the same substrate, so that the effect of noises from 
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external sources and the temperature change of the transistor and the resistor included in 
the add-subtract amplifier circuit can be suppressed. The resistance is desirably 
provided by a resistor of a material such as a metal oxide film small in resistivity change 
with temperature. 
5 Embodiment 1 1 

Fig. 19 is a circuit block diagram showing a magnetic field detection circuit 
according to an eleventh embodiment of the present invention. The magnetic field 
detection circuit shown here is an example of the circuit configuration including a 
magnetic field detector according to the third embodiment and includes detection 
10 element 1 and reference elements 11,21. The structure and the fabrication method of 
elements 1, 11,21 included in the circuit are similar to those of the third embodiment. 

The magnetic field detection circuit according to this embodiment is configured 
of a resistance-voltage conversion circuit 201, an add-subtract amplifier circuit 202 and 
a multiply-divide circuit 203. 
15 Resistance- voltage conversion circuit 201, like in the ninth embodiment, is 

configured by connecting a constant current circuit 204 to each of elements 1, 11,21. 

Add-subtract amplifier circuit 202 is a circuit for differentially amplifying the 
output voltages obtained from detection element 1 and reference elements 11, 12. 
According to this embodiment, add-subtract amplifier circuit 202 includes a subtract 
20 circuit 206 connected to reference elements 1 1, 21 to output the output voltage 
difference V to multiply-divide circuit 203 and a differential amplifier circuit 207 
connected to detection element 1 and reference element 1 1 to output the difference AVi 
between the output voltages Vi and V to multiply-divide circuit 203. Subtract circuit 
206 and differential amplifier circuit 207 are each configured of OP amplifiers and 
25 resistors, for example, as shown in Fig. 16. 

Multiply-divide circuit 203 is a circuit for dividing the inputs, in which AVi x 
V a /V_ is output for three inputs, i.e. AVi, V. and the conversion voltage V a from a 
voltage source 208. An example of an internal equivalent circuit is shown in Fig. 20. 
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This equivalent circuit is configured of a circuit including an OP amplifier 245, resistors 
245 and transistors 260. In the drawing, the same reference numerals designate similar 
OP amplifiers, resistors and transistors, respectively. 

With reference to Fig. 19, the detect operation of a magnetic field detection 
5 circuit according to this embodiment is described next. A constant current I flows in 
elements 1, 11,21 of resistance- voltage conversion circuit 201. The output voltage of 
detection element 1 in the external magnetic field H is given by equation (2). In 
reference element 1 1, direction of magnetization 12 of the second ferromagnetic layer 
and direction of magnetization 13 of the first ferromagnetic layer are parallel to each 
10 other, while direction of magnetization 22 of the second ferromagnetic layer and 

direction of magnetization 23 of the first ferromagnetic layer in reference element 21 are 
antiparallel to each other. As a result, the output voltages of reference elements 11,21 
are given by equations (7), (8) like the saturation value in the positive and negative 
magnetic fields of the resistance of detection element 1. In detection element 1 and 
15 reference elements 11,21, output voltages V, Vi, V 2 expressed by equations (2), (7), 
(8) are output to add-subtract amplifier circuit 202. 

V = I x (R™ + AR/2 x W | H k | ) (2) 
V^IxCIU-AR/2) (7) 
V 2 = Ix(R m + AR/2) (8) 
20 In add-subtract amplifier circuit 202, the output voltages obtained in detection 

element 1 and reference elements 1 1, 21 are differentially amplified. According to this 
embodiment, the difference V between the output voltages of reference elements 11,21 
and the amplification value of AVi are output. In the process, by setting the 
amplification factor of subtract circuit 206 to a and the amplification factor of 
25 differential amplifier circuit 207 to a, the output from differential amplifier circuit 207 is 
given by equation (9) below. 

a x AVi = a x I x AR x (1 + H/ 1 H k | )/2 (20) 
In similar fashion, the output from subtract circuit 206 is given as 
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V. = a(V 2 - VO = a x I x AR (21) 

Multiply-divide circuit 203 is a circuit for dividing the inputs thereto and outputs 
AVi x V a /V. for three inputs AV l5 V. and V.. 

At the same time, from equations (2), (20), (21), the following equation holds 
5 for the potential difference V across the measurement element upon application thereto 
of a magnetic field H. 

V out = AVi x V a /V_ = V a x (1 + H/ 1 H k | )/2 (22) 
where | H k | and V a are known values, and therefore, by determining the output voltage, 
the external magnetic field H can be determined. 
1° V a can be set arbitrarily in such a manner as to determine the magnitude of the 

output voltage. In the process, a circuit is obtained in which assuming that the external 
magnetic field H changes from - | H k | to I H k | , V out changes from 0 V to V a . 

Further, in the case where a positive output is required for a given direction of 
the external magnetic field, and a negative output for the opposite direction of the 
15 external magnetic field, an output regulation circuit 210 is added to subtract V a /4 from 
this output. The internal circuit of output regulation circuit 210 is, for example, the 
differential amplifier circuit shown in Fig. 16 and connected to a constant voltage source 
209 for subtraction. From equation (22), the following equation is obtained. 

V out = AVi x V a /V_V a /4 = V a x (1/2 + H/ 1 H k | )/2 (23) 
20 As a result, a circuit is obtained in which assuming that the external magnetic 

field H changes from - | H k | to | H k I , V out changes from -V a /2 to V a /2. More 
specifically, by setting V a to 2V, the output voltage is 1 V for H = | H k I , and -1 V for 
the output voltage for H = - | H k | . 

The magnetic field detection circuit according to this embodiment includes a 
25 resistance-voltage conversion circuit for converting the resistance of the first reference 
magnetoresistive element, the resistance of the second reference magnetoresi stive 
element and the resistance of the magnetic field detecting magnetoresistive element into 
voltages, an add-subtract amplifier circuit for amplifying the difference between the 
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output voltages converted from the resistance of the first reference magnetoresistive 
element and the resistance of the magnetic field detecting magnetoresistive element in 
the resistance-voltage conversion circuit and the difference between the output voltages 
converted from the resistance of the first reference magnetoresistive element and the 
5 resistance of the second reference magnetoresistive element, and outputting them as first 
and second voltages, respectively, and a multiply-divide circuit for outputting the 
division of the first voltage and the second voltage as a third voltage. 

As a result, differential detection is possible using the outputs of reference 
element 1 1 and detection element 1, and therefore a large output signal is obtained. 

10 Also, even in the case where the resistance change rate is changed under the effect of the 
resistance value change with temperature or the resistance variations between the 
elements, the change is automatically corrected using the resistance change rate in the 
actual operation environment of reference elements 11,21, and therefore the external 
magnetic field can be accurately and instantaneously detected. 

15 Further, the provision of the resistance-voltage conversion circuit, the add- 

subtract amplifier circuit and the multiply-divide circuit can configure a magnetic field 
detector having a simple circuit configuration and operated asynchronously. 

Also, the resistance-voltage conversion circuit, the add-subtract amplifier circuit 
and the multiply-divide circuit are configured using a magnetoresistive element, a bipolar 

20 transistor and a resistor arranged on the same substrate, so that the effects of noises 
from external sources and the temperature change of the transistors and resistors 
included in the add-subtract amplifier circuit and the multiply-divide circuit can be 
suppressed. 

The resistor used is preferably configured of a material such as a metal oxide film 
25 small in resistivity change with temperature. 

Also, a magnetic shield 5 for shielding the external magnetic field can be 
arranged in reference elements 11,21. 

Magnetic shield 5 is formed of a similar material to the one in the first 
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embodiment. 

The provision of magnetic shield 5 keeps reference elements 11,21 out of the 
effects of the external magnetic field. As a result, as long as direction of magnetization 
12 of the second ferromagnetic layer and direction of magnetization 13 of the first 
5 ferromagnetic layer in reference element 1 1 are parallel to each other while direction of 
magnetization 22 of the second ferromagnetic layer and direction of magnetization 23 of 
the first ferromagnetic layer in reference element 21 are antiparallel to each other, then 
directions of magnetization 12, 13 of the second ferromagnetic layers in reference 
elements 11, 21 can be set arbitrarily. 

10 Incidentally, although three constant current sources are used in resistance- 

voltage conversion circuit 201 according to this embodiment, detection element 1 and 
reference elements 11,21 may be connected in series to one power supply. 

Also, the amplification factor of the add-subtract amplifier circuit shown in this 
embodiment is one example, and a configuration is of course possible in which different 

15 amplification factors are combined to produce the desired output. 

Also, according to this embodiment, constant voltage sources 208, 209 are 
described as independent constant voltage sources to facilitate the understanding of the 
circuit diagram. Nevertheless, the external voltage such as Vcc may of course be 
divided by resistance. 

20 Embodiment 12 

The twelfth embodiment is a modification of the eleventh embodiment and 
includes two reference elements 11a, 1 lb in which the direction of magnetization of the 
first ferromagnetic layer and the direction of magnetization of the second ferromagnetic 
layer are parallel to each other and which have an equal external magnetic response 

25 characteristic, and reference element 21 in which the direction of magnetization of the 
first ferromagnetic layer and the direction of magnetization of the second ferromagnetic 
layer are antiparallel to each other and which has the same characteristic as reference 
element 11a. In this manner, a magnetic field detection circuit can be obtained by 
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configuring a circuit as shown in Fig. 21 using three reference elements 11a, 1 lb, 21 and 
detection element 1 . 

This circuit configuration is described below. The magnetic field detection 
circuit according to this embodiment includes a resistance-voltage conversion circuit 
5 201, add-subtract amplifier circuits 202a, 202b and a multiply-divide circuit 203. 

Detection element 1, together with resistor 250 and OP amplifier 240, makes up 
an inverting amplifier circuit 230. An end of resistor 250 is connected to a constant 
voltage source (not shown). Reference elements 1 la, 1 lb, 21 make up resistors 251, 
252, 253, OP amplifiers 241, 242, 243 and inverting amplifier circuits 231, 232, 233, 
10 respectively. An end of each of resistors 251, 252, 253 is connected, like resistor 250, 
to a constant voltage source (not shown). 

Resistance- voltage conversion circuit 201 includes inverting amplifier circuits 
230, 231, 232, 233. 

The outputs of inverting amplifier circuits 230, 231 are input to add-subtract 
15 circuit 202a. Also, the outputs of inverting amplifier circuits 232, 233 are input to add- 
subtract circuit 202b. Add-subtract circuits 202a, 202b are each the differential 
amplifier circuit, for example, shown in Fig. 16. 

Add-subtract circuits 202a, 202b each output the difference between the outputs 
of inverting amplifier circuits 230, 231 and the outputs of inverting amplifier circuits 232, 
20 233, respectively. 

Next, the outputs of add-subtract circuits 202a, 202b are input to multiply-divide 
circuit 203. The configuration of add-subtract circuits 202a, 202b and multiply-divide 
circuit 203 is similar to that of the eleventh embodiment and therefore not described. 

This circuit configuration includes an inverting amplifier circuit having detection 
25 element 1 and reference elements 1 1, 21 in place of the constant current circuit, and the 
element resistance change is detected and amplified in the form of a change in 
amplification factor of the constant voltage V cc supplied from a constant voltage source. 
More specifically, assuming that the resistance value of resistor 250 is R22, the output 
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voltage V H i of inverting amplifier circuit 230 using detection element 1 is given as 

V H i = V cc x (JU + AR/2 x H/ 1 Hk | )/R 22 (24) 
Similarly, assuming that the resistance values of resistors 251, 252 are R 2i , R23, 
respectively, the output voltages V m , Vh3 of inverting amplifier circuits 231, 232 
5 including reference elements 11a, 1 lb are given as 

V m = V cc x (Ra - AR/2)/R 21 (25) 
Vhs = V cc x (R» - AR/2)/R23 (26) 
Also, assuming that the resistance value of resistor 253 is R 24 , the output voltage V H4 of 
inverting amplifier circuit 233 including reference element 21 is given as 
10 V H4 = V cc x (Rn + AR/2)/R 24 (27) 

Reference elements 11a, lib, 21 and detection element 1 have exactly the same 
configuration except for the directions of magnetization of the second ferromagnetic 
layer and the first ferromagnetic layer. Also, resistors 250, 251, 252, 253 desirably 
have the same resistance value to eliminate the output adjustment. Nevertheless, the 
15 output can be adjusted in subsequent stages in the case where resistance values are 
* different. 

Next, the add and subtract operation and amplification are carried out in add- 
subtract amplifier circuits 202a, 202b. The resistors used in add-subtract amplifier 
circuits 202a, 202b may have different resistance values. By using four resistors having 
20 exactly the same resistance value, however, the amplification factor can be set to unity. 
In this case, assuming that the resistance values of resistors 250, 251, 252, 253 are R 2i 
and equal to each other, the difference between the output voltages of the add-subtract 
circuit is given by equations (28), (29). 

V H i - Vm = V cc x (1 4- H/ | H k | ) x AR/R21/2 (28) 
25 V H4 - Vhs = V cc x AR/R2 1 (29) 

Further, the output of multiply-divide circuit 203 is given by the equation below. 

V out = (V H i - Vhi) x V a /(V H4 - Vhs) = V a x (1 + H/ | H k | )/2 (30) 

Also, the provision of output regulation circuit 210 makes it possible to set the 
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output range of V ou t at -V a /2 to V a /2 for H changing from - | H k | to + 1 Hk | . 

The magnetic field measurement circuit according to this embodiment includes a 
resistance-voltage conversion circuit having a third reference magnetoresistive element 
of the same external magnetic field response characteristic as the first reference 
5 magnetoresistive element to convert the resistance of the first reference magnetoresistive 
element, the resistance of the second reference magnetoresistive element, the resistance 
of the third magnetoresistive element and the resistance of the magnetic field detecting 
magnetoresistive element into voltages, an add-subtract amplifier circuit for amplifying 
the difference between the voltages converted, by the resistance-voltage conversion 

10 circuit, from the resistance of the first reference magnetoresistive element and the 

resistance of the magnetic field detecting magnetoresistive element and the difference 
between the voltages converted, by the resistance-voltage conversion circuit, from the 
resistance of the second reference magnetoresistive element and the resistance of the 
third reference magnetoresistive element, and outputting a first voltage and a second 

15 voltage, and a multiply-divide circuit for outputting the division of the first voltage and 
the second voltage. 

Due to the capability of differential detection using reference element 1 1 and 
detection element 1, a large output signal can be obtained. Also, even in the case 
where the resistance change rate is changed by the effect of the resistance value change 

20 due to the temperature and resistance value variations between the elements, the change 
is automatically corrected using the resistance change rate in an actual operating 
environment of reference elements 11,21, and therefore the external magnetic field can 
be detected accurately and instantaneously. 

Further, the provision of the resistance-voltage conversion circuit, the add- 

25 subtract amplifier circuit and the multiply-divide circuit can make up a magnetic field 

detector having a simple configuration operated asynchronously. Also, a configuration 
in which the resistance-voltage conversion circuit, the add-subtract amplifier circuit and 
the multiply-divide circuit are formed of a magnetoresistive element, a bipolar transistor 
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and a resistor arranged on the same substrate makes it possible to suppress the effect of 
noises from external sources and the temperature change of the resistors and the 
transistors included in the add-subtract amplifier circuit and the multiply-divide circuit. 
The resistance is desirably provided by a resistor or the like of a material such as a metal 
5 oxide film small in resistivity change with temperature. 

Further, detection is possible only with a constant voltage source without any 
constant current source, and therefore the circuit can be simplified. 

Embodiment 13 

Fig. 22 is a circuit block diagram of a magnetic field detector according to a 

10 thirteenth embodiment of the present invention. The magnetic field detector shown 
here is an example of the circuit configuration in which the magnetic field detector 
according to the tenth embodiment further includes a calibration magnetoresistive 
element 211 (hereinafter referred to as the calibration element) having a magnetic field 
shield. The structure and the fabrication method of elements 1, 11,21 included in the 

15 circuit are similar to those of the third embodiment and therefore not described again. 

First, calibration element 21 1 is described. Calibration element 21 1 is an 
element fabricated by the same method and having the same structure as detection 
element 1, which element further includes a magnetic shield 5. Magnetic shield 5 is 
formed of a similar material to that of the first embodiment. This configuration permits 

20 the resistance of an element to be determined accurately while no external magnetic field 
is applied. By accurately determining the resistance value in the absence of an external 
magnetic field applied, the external magnetic field can be measured with a higher 
accuracy. With reference to Fig. 23, this principle is described below. 

With regard to the dependency of the element resistance on the external 

25 magnetic field, consider a case in which assuming that the resistance value for the 

external magnetic field of zero is R™, the external magnetic field with R = Rm develops a 
slight change (AH) due to the environment and noises. In this case, the element 
resistance is R = Roffsct * Rm for zero external magnetic field. If measurement is 
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conducted under this condition, as described in Fig. 23, the magnitude of the magnetic 
field detected develops an error of an amount of AH. Thus, the resistance value Rogsct 
with no external magnetic field applied is determined and the error corrected, with the 
result that a more accurate detection of the external magnetic field becomes possible. 
5 In the process, assume that the saturation magnetic fields with an external magnetic field 
applied in parallel and antiparallel to the direction of magnetization of the first 
ferromagnetic layer of reference element 211 are and H k _, respectively, and the 
voltage with a constant current I supplied to detection element 1 is V 0 ff SC t. Since the 
inclination of the straight lines is the same, the equations below are obtained. 
10 AH/(H k+ - H k _) = (IW - R^/AR (3 1) 

Vofifcet = ERofiset (32) 

where H k+ - H k _ = 2 | Hj, | , and therefore, by determining Roff sc t, AR by measurement, a 
shift amount AH of the magnetic field resistance characteristic can be accurately 
determined from equation (31). 
15 With reference to Fig. 22, the detect operation of the magnetic field detector 

according to this embodiment is described next. The magnetic field detector shown in 
Fig. 22 is configured of a resistance-voltage conversion circuit 201, add-subtract 
amplifier circuits 202c, 202d, multiply-divide circuits 203a, 203b and an add-subtract 
amplifier circuit 207c. 

20 Resistance-voltage conversion circuit 201 is configured by connecting a constant 

current circuit 204 to detection element 1, reference elements 11, 21, calibration element 
211, which are respectively supplied with a constant current I at the time of detecting a 
magnetic field. The operation of detection element 1 and reference elements 1 1, 21 is 
similar to the eleventh embodiment and not described again. Calibration element 211 

25 has a structure covered by magnetic shield 5, and therefore the voltage V off8C t generated 
across it is equal to the voltage V of detection element 1 for zero external magnetic field. 

Next,, add-subtract amplifier circuit 202c is configured of a differential amplifier 
circuit 207a for amplifying the difference of the outputs between detection element 1 
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and reference element 1 1, and a subtract circuit 206 for calculating the difference 
between reference elements 11,21. The detailed operation of differential amplifier 
circuit 207a and subtract circuit 206 is similar to that of the eleventh embodiment and 
not described again. Multiply-divide circuit 203 a connected with differential amplifier 
5 circuit 207a and subtract circuit 206 has a similar configuration to that of the eleventh 
embodiment, and similarly to equation (23) in the eleventh embodiment, produces an 
output given as 

V outl = (V - V0 x V a /V. = V a x { 1 + 2H/(H k+ - H k .)}/2 (33) 
Next, add-subtract amplifier circuit 202d includes an add circuit 205 for 
10 outputting the sum V+ of the outputs of reference elements 11,21, and a differential 

amplifier circuit 207b for amplifying the difference between the output of add circuit 205 
and a value twice as large as V offsct . Add circuit 205 can be configured of the circuit as 
shown in Fig. 24, for example. The circuit shown in Fig. 24 is configured of OP 
amplifiers 245 and resistors 245. In this case, the same reference numerals in the 
15 drawing designate similar OP amplifiers and resistors. 

In this case, the following equation for V+ holds. 
V + = Vi + V 2 = 2xIxR„ (34) 
Differential amplifier circuit 207b amplifies the input from calibration element 
211 having a magnetic shield to twice in magnitude and outputs the difference with the 
20 input from add circuit 205. The outputting voltage is given by equation (35) from 
equations (32) and (34). 

(2 x Voffsct - V + ) 2 x I x R^* - 2 x I x (35) 
Assuming that the output of constant voltage source 208 is V a /2, the output of 
multiply-divide circuit 203b connected to add-subtract amplifier circuit 202d and 
25 subtract circuit 206 to produce the output of add-subtract amplifier circuit 202d divided 
by subtract circuit 206 is given from equations (21), (3 1), (35), as follows. 
V ou t2 = V a x AH/(Hk+ - H k .) (36) 
The output V out of add-subtract amplifier circuit 207c for outputting the 
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difference of the outputs between multiply-divide circuit 203 a and multiply-divide circuit 
203b is given from equations (33), (36), as follows. 

Vout = V. x { 1/2 + (H - AH)/(H k+ - H k _)} (37) 

Further, subtracting V a /2 using output regulation circuit 210, 
5 V out = V a x {(H - AH)/(H k+ - Hk.)} (38) 

In other words, this magnetic field detector can exclude the error of a minor change 
(AH) of the external magnetic field associated with R = R m . 

Also, in the case where V a is set to 2 V, for example, the voltage output of 1 V 
to -1 V can be obtained between H k + and H k .. 
10 The magnetic field measurement device according to this embodiment includes a 

resistance-voltage conversion circuit having the same external magnetic field response 
characteristic as the magnetic field detecting magnetoresistive element and configured of 
a magnetically-shielded calibration magnetoresistive element for converting the 
resistance of the first reference magnetoresistive element, the resistance of the second 
15 reference magnetoresistive element, the resistance of the magnetic field detecting 

magnetoresistive element and the resistance of the calibration magnetoresistive element 
into voltages, a second add-subtract amplifier circuit for outputting, as a fourth voltage, 
the difference between the sum of the voltage converted by the resistance-voltage 
conversion circuit from the resistance of the first reference magnetoresistive element and 
20 the voltage converted by the resistance- voltage conversion circuit from the resistance of 
the second reference magnetoresistive element on the one hand and a voltage twice as 
high as the voltage converted from the resistance of the calibration magnetoresistive 
element on the other hand, a second multiply-divide circuit for outputting the difference 
between the second voltage and the fourth voltage as a fifth voltage, and a subtract 
25 circuit for outputting the difference between the third voltage and the fifth voltage. 

As a result, the differential detection between the outputs of calibration element 
21 1 and detection element 1 having a magnetic shield can be used, and therefore a large 
output signal can be obtained. Also, even in the case where the resistance change rate 
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is changed under the effect of the change in resistance value due to temperature or 
variations of resistance between the elements, the change is automatically corrected 
using the resistance change rate in the environment of actual operation of calibration 
element 21 1 having the magnetic shield, and therefore the external magnetic field can be 
5 detected accurately and instantaneously. 

Further, the provision of the resistance- voltage conversion circuit, the add- 
subtract amplifier circuit and the multiply-divide circuit can make up a magnetic field 
detector having a simple circuit configuration operated asynchronously. 

Further, the resistance-voltage conversion circuit, the add-subtract amplifier 

10 circuit and the multiply-divide circuit are configured of a magnetoresistive element, a 
bipolar transistor and a resistor arranged on the same substrate, thereby making it 
possible to suppress the effect of noises from external sources and the temperature 
change of the transistors and the resistors included in the add-subtract amplifier circuit 
and the multiply-divide circuit. The resistance is desirably provided by a resistor 

15 formed of a material small in resistivity change with temperature such as a metal oxide 
film. 

Further, the provision of calibration element 211 having the magnetic shield 
makes it possible to measure the external magnetic field more accurately by determining 
the resistance value Roffsct with no external magnetic field applied and using it as a 
20 reference value. 

Also, reference elements 11,21 can have a magnetic shield 5 for shielding the 
external magnetic field. 

Magnetic shield 5 is formed of a similar material to that of the first embodiment. 

The provision of magnetic shield 5 prevents reference elements 11,21 from 
25 being affected by the external magnetic field. As a result, as long as direction of 

magnetization 12 of the second ferromagnetic layer and direction of magnetization 13 of 
the first ferromagnetic layer in reference element 1 1 are parallel to each other and 
direction of magnetization 22 of the second ferromagnetic layer and direction of 
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magnetization 23 of the first ferromagnetic layer in reference element 21 are antiparallel 
to each other, directions of magnetization 12, 13 of the second ferromagnetic layers of 
reference elements 11,21 can be set in an arbitrary direction. 

The magnetic field detector and the current detection device, the position 
detection device and the rotation detector using the magnetic field detector are 
described above. The present invention is not limited to them, but applicable widely to 
other similar detectors including a detector of the position and movement amount of an 
object generating a magnetic field or moved while changing the magnetic field, a 
patterned magnetic element such as a magnetic storage device, a magnetic recording 
head or a magnetic recording medium, and a power detector or the like of which an 
object to be measured changes the magnetic field. 

Also, the foregoing description concerns a magnetic field detector including 
three or four tunneling magnetoresistive elements. Nevertheless, the detector may 
include any other number of tunneling magnetoresistive elements. Further, these 
elements may form a bridge circuit, for example. Although a tunneling 
magnetoresistive element is desirably used, the present invention is not limited to it, but 
a giant magnetoresistive element or other magnetoresistive elements including a 
ferromagnetic layer with one direction of magnetization fixed. 
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